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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

WIND-TURNEL INVESTIGATION OF CONTROL-~SURFACE CEARACTERISTICS
XIV - NACA 0009 AIRFOiL WITH A 20-PERCEHT~CHORD
DQUBLE PLAIN FLAP

By Richard I. Sears and Pgul E. Purser

SUMMARY

Porce-test measuremsntsg in two-dimensional flow have
been made in the NACA 4~ by 6-foot vertical tunnel to
determine the aerodynamic characteéristics of an NACA 0009
airfoil equipped with a double plain flap that consisted
of a plain forward flap having a chord 20 percent of the
airfoil chord (0.20c) and a plain rearward flap having a
chord 15 percent of the airfoil chord,

The results of the vresent tests and a brief analysis
of previously obtained data indicated that, for positive
flap deflections at zero and positive angles of attack, a
ssaled 0.20c double plain flap would producse more 1ift and
less hinge moment tham a 0.50c single plain flan. The
small doudble flap was not so effective as the large plain
flap in producing vositive 1ift at large negative angles
of attack. With controls free, the slope of the 1ift
curve of a surface having a 0.20c¢c single or a 0.20¢c double
plain flap is more than twice that of a surface having a
0.50c plain flap. Althougin the stick hinze moments of a
gmall-chord double plain flap are much less than those of
& larger-chord gipgle plain flap, they are still too great
for use on large high-speed airplanes. In order to func-
tion -efficiently both gaps of double plain flaps should
bé sealed. ' »

INTRODUCTION

The conrventional control surfaces used on most air-
planes consist of single flapg that generally have some
type of aerodynamic balance and gmall tavs for trim or
balance. The maximum deflections of these surfaces have
been fairly well standardized at about 15° oy 20° for
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" the forward flap and between the forward and the. rearward

ailerons and at about 25° or-30° for elsvators and rudders.
These deflections iy turn define the mechanical advantage
of the coatrol surfaces over the éontrol stick or pedals.
The ratio of contro}l area to airfoll arsa therefore must
be sufficiently large that, with these maximun deflections,
the control surfaces are capable of producing the lifts
necessary for proper control at critical operating condi-’
tions, .

An analysis of data inm references 1 to 3 indicates
that, if a small-chord gontrol surface is allowed to de-
flect consideradly more than 30° or if two flaps are
allowed to deflect gimultaneously in the same direction,
greater lifts and smaller stick foreps. can be obtained
vith small-chord flaps than can be obtasinegd with conven-
iional contro} surfapes deflected the conventional amounts
already stzted.

The purpose of this psver is to sbhow the extent to
which improved control characteristics can be obtained by
departing from the sustomary pontrol~surface sizes and
the customary ranges of gontrol-surface deflection.
Throughout the paper, the conventional control surfaces

" already mentioned are usegd as a basis for comparison with

proposed arrangements,
APPARATUS AND MODEL

The tests were made in the WAQA 4~ by 6-foot vertical
tunnel (reference 4). The test section of this tunnel has
besn coanverted from the-original open, cirecular, 5-foot-
diameter jet to a closed, rectangular, 4~ by 6-foot throat
for force tests of models in two-dimengionsl flow.,” A
three-component balance gystem has veen installed in the
tunnel in order that force-test weasurements of 1ift, drag,
and piltching moment may be made. The hinge moments of
both flaps were measured with electrically indicating,
cantilever—-bean, wire strain gages.

The 2-foot-chord by 4-foot-span model (fig, 1) was
mgde of laminated mahogany to the WAGCA 0009 airfoll con-.

‘tour, The forward and rearwayd flaps were algo built of

mahogany end theilr respsctive chords were 20 percent of
the airfoil chopd (0.20c) and 15 percent of the airfail
chord (0.15¢c). The 0.005¢c gaps between the airfoil and
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flaps were sealed witk grease for some tests and were
left open for others. |

TERTS

The NACA 0009 airfoil with the 0.20c forward flap
and the 0,15¢c rearward flap, when mounted in the tunnel,
completely spanned the test section. With this type of
test installation, two-dimensional flow is approximated
and the section characteristics of the model may be de-
termined. The model was attached to the balance frame
by torque tubes that extended through the sides of the
tunnel., The angle of attack was set from outside the
tunnel by rotating the torque tubes with an electric
drive. Deflectionsg of each flap were get inside the tun-
nel by templets sand were held by friction clamps.

-The tests were made at a dymnemic pressure of 15 pounds
per square foot, waich corresponés to 3 velocity of about
76 miles per hour. The effective Reyrolds number of the -
tests was approxzimately 2,780,000. (Bffective Reynolds
number = test Reynolds number X turbulence factor. The
turdbnlence factor for the NACA 4- by 6-foot vertical tun-
nel is 1.93.)

The tests were made at the flap deflections indicated
in figure 2. The values of 1lift, drag, pitching moment,
and both flap hinge moments were read for all tests through-
out the angle~of-attack range from negative stall to posi-
tive stall. All readings were taken at 29 increments of
anrgle of attack except near the stall, where the increment
was reduced to 19,

RESULTS
Symbols

The coefficients and the symvols vsed in tais paper
are defined as follows;

c;, .airfoil section 1ift coefficient (V/qe)

cg, eirfoil sectior profile-drag coefficient (a,/qe)

¢y airfoil section pitchingrmoment coefficient (m/qc?)
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Ch, forward-flap ssction hinge—moment'coefficient (hl/qcag) .
CH1 forward-flap section hinge-moment coeffic}ent (hl/qca)
cha rearward-flap saet}oa hinge-moment coefficient (hB/cha)
°H, rearward-flap ssction hinge~moment coefficient (hé/qca)
cy control-stick {ox pedal) hinge-moment coefficient

(8,/49c®) (sew eguation (2).)

where
2 airfoil section 1Li&D .
d, eirfoil section prefi}aﬂdrgé

m airfoil section pitching moment about quarter-chord
point of airfoeil .

h{' ;forward—flap section hinge momant

hé rearvard-flap section XHinge moment

Hg control-stick (or pedal) hinge moment

c chord of basic zirfoil witﬁ poth flaps neutral
-6; chprd of forward flap w;th regrward flap neutral -
Co chord of rearward flap

q dynamic pressure

and

Qg engle of attack for airfoil of infinit? aspect ratio
) £lap deflection with respect to surface ahead

8, deflection'gf forward flap with respsct to airfoil

deflection of reafward flep with respect to forward
flap
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83 deflection of an serodynamically equivalent gingle-
flap control surface having a deflection equal to
that of the control stick
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The subscripts outside the parentheses around the
Parameters indicate the factors held constant during the

" measuremsnt of the parameters, Throughout this paver.

"control stick" is used as a general term for the control—
surface actuating device, whether it be s stick, a wheel,
or pedals,

062—1

Precision

The accuracy of the data ls indicated by the devia-—
tion from zero of the 1ift and moment coefficlents at en
angle of attack of 0° with both flaps nsutrel., The maxi-—
mum sxrror in effective angle of attack at zero 11ft appears
to be about £0,3°, Deflections of the flaps were set to
an accuracy of *0,2°. Tumnel corrsctions, expérimentally
dotermined in the NACA L- by 6-Ffoot vertical tunnel, were
applisd only to the 1ift, The hinge momsnts are probably
slightly higher than would be cbtalnsd in free air and
the valuss presented are conseguently considered conserv—
etive, The drag valves are subject to unkonown tumnel and -
turbulonce corrections,

Progentation of Data

The asrodynamic section characteristics of the NACA
0009 ajrfoll with the 0,20c plain forward flap and the
0.15¢c vlain rearward flap, both having unsealed gaps, are
Pregernved in figure 3. Ths characteristics of the airfoil
with both flaps sealed and deflecting together are given
in figure 4(a) for dsz/dsl =1 and in figure 4(b) for
dSz/dbl = 2, The characteristics of the airfoil with the
forwvard flap sealed and locked nsutral for various deflec—
tions of the unsealed and sealied rearward flap ars pre—
sented in figure 5; similar characteristics of the airfoil
with the rearward flap sealed and mneutral for various
deflections of the unsealed and sealed forward flap are
Pressnted in figure 6, Figures 7 and 8 show comparison
curves of the 1lift available from given flap deflections
and of the stick hinges moment reguired to Produce given
11ft incremsnts for 0.50c, 0,30c, 0,20c, ard 0.15¢c plaln
flaps and for several arrengoments of doubls plain flaps.
Comperisons gimiler to those of figures 7 and 8 are given
in tebles I and IT in tho form of the various 1ift and
hings—nomsnt paramsters, wtich are cpxlicabie over only
a small rany® of « and B, A comparigen of thue drag
characteristics of the various single and double flaps at
an angle of attack of 0% is presernted in figure. 9,
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DISCUSSION

‘Lift

The aerodynamic characterigtics of various doudble-
flap control systems that consisi of a 0.20¢c nlain forward
flap aud a 0.185c pilain rearward flap deflceccting at varioue
rates with respect to the coantrel stick can be estimatel
from the test data presented in figures 3 and 4. These

data ind:cate that the slope of tne 1ift curve Clq

{tabdle I) s in agreement with that measured frem previous
togts (reference H) when both gaps =re sealed or whoen one
gap is Opon. When both gaps are open, hewever, a lower
slejye is obtascad than for the otaer gap -condifiicns men-—
tioned. At -larze pesitive flap deflections for large
negallvs axdglee of attack, the glope- Cly becnomes very

great regardiecs .ol éap.condition. This effect ig char-
acteristic of omall-chord flaps (referencs 8).
Throunghovt the sngle-of-attack range, an incrsase in
the dsflection of eitlher flap caused aa increace in air-
foil-sec’lion 1ift until the sum of the deflecticns of both
flaps reached gbout ?00.; Az vsestal, the increments of 1ift
per nnit fl.p deilection became smaller as the flup deflec—
tiun becamé lesrgce. A sumrary of lift-effectiveness
paremetars _(as)cl_'ior each flap deflected alcmne with the

various gap conditions fested ig included in tanle I. The
valuss fer each flap with sealed gap check well witn these
prodictod from ths data presented in relerence 7. Tre 1ift
effectiveneuvs of both flaps decreased waen the gep st the
nose was unsealed, The forward flap showed a ctill fvrther
decrease in 1:ift effectivceness but the rearward flap did
nct vhen poth gaps were open. The effectivenese of a
Coubie~flap combination may be expressed in terms of the
effectivenecs of each flap and the relative rates of de-
flsctZon. Thus :
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angle of attack, all flaps of this group produce about
the sgme pogitive lift. A O0.15c single flap produces
considerably more 1ift when deflected positively 60° at
zero and poeitive angles of attack than does a 0,30c flap
deflected 30°. At a large negative angle of attack, the
0.30c flap produces greater 1ift. '

Hinge Moments

The test points for the.flap hinge-moment coefficients
plotted in figures 3 to 6 are in some cases somewhat errati-
cally dispersed about the faired curves. A4 large part of
this dispersion was caused by continued improper function-
ing of the electrical strain-gage units that were used in
measuring the hinge momsnts. In fairing the curves some of
the test points belisved to be in error have been disre~
garded. It was not considered worth the time and the effort
required to check each doudbtful hinge-moment test point
because, for .this investigation, 1ift rather than hinge-
moment characteristics were of primary importance. The
hinge-moment curves of figure 3(e) for &, = 20° and of
figure 3(f) for &, = 25% appear to be in error, although
the tests wexre repsated throughout the angle-~of-attack
range. It is Dbelieved that the data presented adequately
define the hinge-moment characteristics of the unbalanced
flaps tested.

The hinge moments of the 0.20c and the 0.15¢c flaps
change very little with angle of attack for low flap de-
flections; hence, thesge small-chord flaps have very little
floating tendency. At large positive deflsctions, tha
hinge moments change rapidly from a large negative value
at zero and positive 1lifts to almost zero at large negative
lifts. Thig rapid change of hinge-moment coefficient oc-
curs in the same 1lift range and at the same large flap
deflections for which the slope of the 1ift curve Clg

becomes excessively steep. Whether the hinge-moment
coefficient will reach a sufficiently large positive value
at large, stalled, negative angles of attack to give rudder
lock remaing a subject for further investigation. These
data indicate that, at the negative stall, the hinge-moment
coefficient for all positive deflections is nearly zsro.
Even if the control surface should blow over at the stall,
therefore, little force would be required to bring the
control back to zero deflsction.
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The hinge~moment slopes measured at small angles of
attack and at small deflections ars presented in table I
for various gap conditions. The slopes cp, &and cpg

for the flaps with sealed gaps are in close agreement with
those predicted from the parameters presented in refersence
7. The slopes given in table I can be used to estimate
relative ckaracteristics of double—-flap control systems

of the type considered. In deeling with the hinge moments -
of double-flap systems, it is convenient to compute the
stick hinge moment; which in effect is the hinge moment of
an aerodynamically egquivalent single-~flap control surface
having a deflection equal to the deflection of the control
stick. The stick hinge-moment cosfficient basad on air~"
foll chord is then .

o 2 2
d d
Ckg = Ch <¢l> _El + Chg (Eﬁ/ _gﬂ
' Ne ds ¢ c dd g

B a, a6
- cﬁl das .CEZ dﬁs
as,\ 4sé )
= .+ c —t (2)
< °E, 7 °Hg a8,/ adg

It can be shown that the rate of change of stick
hinze-~moment coefficient with stick deflection is

/ 3 -
as a8, ds a5z
s CHI _—i/ +(ioHJ. T %Hg ‘*i"“ii-cﬂa (; ~>
8s 5, ~d8g 83 5,7 485 484 5, 484

(%‘Z.’: al: 01\3 <°h1 +Ch6 d.s,) < ><cha + ‘68 %)g:_::

()

1l

|

)

as
+Chy —=
8, 48,
of equation (3) can be read directly

The values of the hinge-~moment terms chl&
’ 1

a.;nd Ch + Ch ] d—.§-§_
8 882 d5

1 1




L=290

11

-

from the curves presented in figures 3 to 6, The rate of
change of stick-hinge-moment coefficient with angle of.
attack may be expressed as

d d
cH == CH ._.§_L - CH ...§.§..
8 1y as 4 24 a8,

(5 (o]

The parameters chla and chza measured from the data

presented in figures 3.to 6 are given in table I.

Table II has been computed from the data of the pres-
ent report and of referencses 1, 2, and 5 by means of equa-
tions (1) to.(4) and the following relationships:

(o%ee)
(oHBc‘I,>65= °: - ' ' (8)

("HSSE)%‘ %(cﬂsa)a ' <CHBa>as <a6 ">CL '

o ([ (i)

The rate of deflection d8,/d84 for each of the coptrol.

surfaces given in table II has been adjusted in accordance
with equation (1) in order that each surface gives .
a88 = =-0.,77, which is the 1ift effectiveness of a ssaled

0.50¢c plain flap.
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The parameters in table II are a direct measure of
the relative stick forces of the various control-surface
arrangements having the same lift effectiveness; the
effects of control chord and mechanical advantage have
been taken into account by eguations (1) and (2). Table

II indicates that, although the value of CH for a
o

0.50c plain flap can be reduced dy using & 0.50¢ double
£lap, the rearward flap of the combination was too small
to give an appreciable reduction in 0335 . Because

8

(CHB ) has been reduced without a comparable reduction
/8 g

in (cHSS > s the value of (cH88 > » Wwhich is a meas-
Sa ~ -BCL

ure of aileron stick forces in rolling, has actually been
increased over that of the plain flap. The 0.30c single
and the 0.30c double flaps show appreciable reduction in
hinge-moment parameters over those for the 0.50c plain ]
flap. Here again the rearward flap of the combination
was too small to give an appreciable reduction in 'chsss

a

over that of the single flap. The 0.20c double flap tested

that reduetion in CHSS over that of a 0.20c single
8/a

flap could be realized. The results indicate that such
reductions occurred when the gaps were sealed. Introduc-
ing a second gap to make a double flap from a single un-
sealed flap had decidedly adverse effects both on 1lift and
on hinge moment. In order to work effectively, double
plain flaps must be sealed. The sealed Q.20c @ouble flap
gave less than one-fourth the value of chBSs a. about

was designed to have a rQSrward flap sufficiently large

one-sixzteenth the value of (Chsa 5.° and about one-half
8

the valuve of (chs6 > that the 0.50c plain flap gave.
Sch

The 1ift effectiveness 0§y of the sealed 0.20c doudble

and the 0.50c¢ plain flaps is the game and the maximum
1ift characteristics at-various angleg off attack have al-
ready been discussed. The value of cl¢ free’ which is

proportional to the comntrol-free stability of the airplane,
has been ingreased from 0.038 for the 0.50c plain flap to
0.082 for the 0.20c double flap. Because of a great reduc-
tion in floating tendency, the airplane control-free
stability can be more than doubled by using a small-chord
single~ or double-flap coantrol surface rather than a large-
chord single-flap surface.
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The lift-producing characteristics of small-chord
single and douvle flaps have been compared with those of
typical conventional control surfaces in figure 7. The
gatick hinge-momant curves of thesge same flaps are compared
in figure 8 at three angles of attack when the rate of
deflection d&l/dés of each has been adjusted to give

nearly the maximum available 1ift to each arrangement for
the critical operating conditions. These maximum~1ift
characterigtics, which are nearly the same for all arrange-
ments, have already been discussed. In interpreting these
curves, it ghould be remembered that the control stick is
asgsumed to be limited to a maximum deflection of 300 and
that the stick hinge moment takes account of the mechani-
cal advertage; therefore, no extrapolation of the curves
to higher 1lift is Justified without increasing the slope
of the whsole curve in accordance with the consequent in-
creased wmechenical advantage of the cortrol surface over
the contio0l stick. Conversely, if these curves are short-

ened by decreasing Jai,,,., .and hence cy,..s @ corre-

gponding dscrease in the slope of each. curve can be.
realized.

The data shown in figure 8 indicate that, for positiye
deflections at attitudes which are critical for rudder
(g = 0° and 8%), the stick hinge moment ‘of & 0.50c flap
i1s many times as great as that of a 0.20c doudble flap. At
attitudes that are critical for elevator (ag = -120),
however, the etick hinge moments of -the double-flap
arrangements lie between those of the 0.50c and the 0.30c¢
plain flaps. It should be noted that small hinge moments
are obtained from the 0.30c 'and the 0.50c flaps at qo = =12°

only Decause of the large floating tendencies of ‘these flaps;
whereas the 0.20c double flaps do not float appreciably.
At 0 = §°, the floatiug tendency of the large—-chord single

flap acts to increase the stick hinge moment. The stick
hinge moments of the 0.50c, the 0.30c¢c, and the 0.20c single
flaps increage suddenly when a preliminary ailr-flow
geparation apparently occurs at about the middle of the de-
flection range; whereas the CH,TCuUrve for the doubdle flap

is nearly linear. At small -deflections, the 0.20¢c doudble
flap has about the same stick hinge moment as the 0.20c
single flap but, at large deflections, the stick hinge
moment of the double flap is decidedly less. Thig fact is
true with either sealed or open gaps. With open gaps, the
hinge-moment curves for the double flap are nearly coinci-
dent regardless of the relative rate of deflection of the
two flaps d8,/Ad8,. With sealed gaps, the double flap
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tended to give less stick hinge moment when the rearward

fiap moved faster than the forward one. Table II indicates

that, when dSl/dSB was adjusted to give the same 0§y

for each arrangemeni, however, the stick-moment parameters
were about the same.

Although the stick hinge momentis of the 0.20c¢ double
plain flap are much smaller than those of the 0.50c¢c and
0.30c plain flaps, they are not small enough for usse as
rudders or elevators on large high-speed airplasnes. The
double flap is, however, well adapted for use with the
overhang (inset hinge) or the internal type of aerodynamic
balance. It is believed that tests of such arrangements
are warranted on the basis of the promising results ob-
tained from the present investigation. A small-chord
balanced doudle flap of large 1ift effectiveness should
make a desirable aileron becasuse the ailerom span may be
decreased in proporticn to the increased lift effectivé-
negs and thereby may permit the use of large-span high-
lift devices on the wing.

Drag

The drag of each single~ and double~flap arrangement’
tested has been plotted for unstalled angles of attack in
figures 3 to 6. A cross plot of drag data at an angle of
attack of 0° is presented in figure 9 for Various siagle-
and double-flap arrangements. Unfortunately, no profile-
drag data for-a 0.50c flap were available for comparison.
Figure 9 shows that, with sealed gap and at small 1lift
coefficients (c; < 0.4), the drag of all arrangements

was nearly the same. At large 1lift coefficients, the -
double-flap arrangement with the rearward flap deflected
twice as far as the forward flap gave the least drag. i
The favorable pressure gradient zhead of the hinge of the
rearward flap therefore apparently delays separation of
air flow becausge, at a given large <¢3;, the 0.20c double
flap with dﬁa/dﬁl = 1 gave less drag than the 0.20c¢
gingle flap, and the double flap with @8,/d8; = 2 in
turn gave less drag than that with d8,/d8, = 1. The drag
characteristics at other angles of attack were similar to
those shown in figure 9 for an angle of attack of 0°.

With open gap, however, the double flap still gave
less drag at large 1lifts than the single flaps, although
increasing the rate of deflection of the rearward flap

Y E e Cgesre e an
TERWSNCEIRON ] LT Lt e R SA Y e T e
L At LI S, ARPI S LI Ty “ e . .
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\
increnged the drag. It should be remembered that, in the
open~-gap condition, the double flap had two gaps open;
whereas the single flap had only one gap open.

Pitching Moments’

The pitching-moment curves (figs. 3 to 8) are some~
what similar to the hinge-moment curves in that they are
linear for low flap.deflections and change rapidly with
1ift coefficient at large flap deflections in the range
in which c¢j, Dbecomes very steep. The curves ‘are charac~’

teristic of small-chord flans (reference 6). Pitching-
moment perameters measured from the data of figures 3 %o

6 are given in table I. For small flap deflections, the
aerodynamic center of the 1ift caused by change in angle
of attaclk was located between the 0.23¢c and the 0.24c
stations regardless of gap condition. This asrodynamic
center shifts rearward at large flap deflections when~'cLa

becomes very steep. VWaen trimmed in the landing attitude,
an alfplane with a.small-chord elevator shouwld therefore
experiénce iacreased stability for two reasons: <first and
.most importent, the slope of the 1ift curve of the tatl
increases markedly and, secondly, the merodynamic center
of the taill moves rearward. The aerodynamlc center of the
1ift caused by change in flap deflection with sealed gaps
was located at about the O.44c station for the 0.20c flap
aad at .gbount the 0.47c statioan for the 0.15¢c flap.. With
both gavs open, the location shifted about 0.03¢c rearward
for esach flap. The data of reference 5 indicate that the
asrodynamic céntér of the lift due to deflection of a
gealed 0.30c flap is at the 0.40c station. ©For doubdle~
flap arrangements, the asrodynamic center should be be-
tween that for the 0.20c¢c single flap and +that' for the 0.15¢c.
gingle flap at a distance proportional to the amount of
the total 1ift coantributed by each flap. An inspeciion of
figure 4 shows that, for a82/d8; = 1 and 2, the aerody-
namic center lies at about 0.45¢c in both cases. It should
be remembered that this aerodynamic center is a function
of aspect ratio and will move toward. the treiling edge as
the asvect ratio i1s decreased. .

CONCLUSIONS

Tests have been made of the NACA 000S airfoil with a
double plain flap that consisted of a plain forward flap

e e wal Rt th e e emrg ey, 4k b e et Vi ee me e -
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having a chord 20 percent of the airfoil chord (0.20c)
and g 0.15¢ plain rearward flap. A comparison of the
results of the present tests and of previously publisghed
tests with the characteristics of conventional control
surfaces indicated the following general conclusions:

1. 4 0.20c sgingle or a 0.20c double plain flap de-
flected 60° positively at zero and positive angles of
attack was capable of producing 1ift as great or greater
than a 0.50c pnlain flap deflected 30°, At large negative-
angles of attack, these small-chord flaps were capable of.
producing as much positive 1ift as a 0.50c plain flap
deflected 17°. : '

2. A 0.20c doudle plain flap was capable of produc-
ing adeguate 1ift for use as a rudder or as an aileron.
For use as an elevator, however, a double flap of slightly
larger chord way be regquired if more than 30° deflection
of a conventional 0.30c slevator or more than 17°2 deflec-~
tion of a conventional 0.50c elevataor is required to land
the airplane. '

3. When adequately balanced, small-chord double flaps
of large 1ift effectiveness should be desirable for use
as ailerons because the aileron span may be reduced and
thereby may permit the use of larger-span high-1ift devices.

4. With a 0.20c double plain flap, a 1ift éffective-
ness per unit stick (or pedal) deflection equal to that of
a 0.50¢ single plain flap can be obtained by adjusting the
rate of flap deflection with stick (or pedal) ‘deflection.
Under these conditions, the 0.20c double plain flap had a
rate of change of stick hinge moment with angle of attack
that was about one-sixteenth that for the 0.50c¢ flap and a
‘rate of change of stick hinge. moment with stick (or pedal)
deflection that was less than one-fourth that for the 0.50¢
flap.

* 5. With controls free, the glope of the 1lift ‘curve
for a control surface having a 0.20c single or a 0.20c¢
double plain flap is more than twice that for a control
surface having & 0.50c single plain flap. .The control-
free stability of the airplane will vary accordingly.

6.. Although the stick .hinge moments of small-chord
double plain flaps are much less thar those of large-chord
single flaps, they are not small enough for use as con-
trol surfaces on large high-gpeed airplanes.




17

7. In order to function éfficiently, a double~flap

control surface must have sealed. gaps and the rearward
flap must have a chord that is a large percentage of the
chord of the forward flap.

Lanéley Heﬁorial Aeronautical Labofatory,

5.

Natlonal Advisory Committee for Aeronautics,
Langley Field, Va.
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18 NACA
TABLE I
PARAMETER VALUES FOR NACA 0009 AIRFOIL WITH A 0.20c¢ PILAIN
FORVARD FLAP AND A 0.15c PLAIN REARWARD FLAP
Forward- {Rearward- c Y
flap flap aao) f hl) (’*%1) (achl> (9°_m éﬁl
nose nose 20, o6 008 ac ’
gap gap % 1,02 ©78,82 1/qy8, 2/q,0, Vg 65 |© %6y, 0,
0.005¢ 0.005¢ -0.30 -0,.0080 -0,0108 -0.0126 -0.225 0,092
.005¢ Sealed -.38 -.0083 -.0116 | ~-~-=-- ~.196 .096
Sealed 0.005¢ | =weme= | em;ccnee | cmcmaec | emmcece | ceeeee .096
Sealed Sealed ~-.43 -.0048 -.0118 | —e~ceee ~.194 .098
Forward- |Rearward-
flap | flap K2 (“hﬁ (ﬁ% ih% (6_‘*—2 (u)
nose nose 2a 26 -13) dc dc
gap gap 002 1,81 901,82 2lq,08] l/g,8 Y0y 1oy, 8z
0.005¢ 0.005¢c -0.25 ~0,0039 -0.0105 -0.0075 ~0.245 0.020
.005c Sealed | ---=- | —ca- (A [ESTSEUS I T e .016
Sealed 0.005¢ -.26 -.0038 -.0082 | —-~eem- ~.218 .017
Sealed Sealed -.40 -,0033 -.0100 | —-e-nn- -.218 .016
. TABLE II )
COMPUTED CHARACTERISTICS OF SINGLn- AND DOUBLE-FLAP CONTROL
SYSTEHUS ON AN NACA 0009 AIRFOIL
Control asy 5 5
- c c c c
arrangement = to give C Hy Hy Ha Hy acy 4
a6y s 6s /., | \oc;- aa, /| \28s /| \2a,/6|\ad,/tree
eq/clea/e @, Gap hﬁs)cz = «0,77 1 5 '
0.50} -=--}~--]8ealed 1.00 -0,00159{-0.03300 |-0.00313|-0.00400} 0.095 0.038
.5010.15] 1 j~-do.-~ 66 -.00177| -02220| -.00211| ~ 00339 095 .047
.50| .15} 2 }--do.- .52 -.00218] -.01820| --00173} ~.00351 .095 .059
30} =~ee)een]--do.~ 1.35 -.00142] -.00958} -.00091} -.00214 095 .064
.30 .09] 1 |--do.- .96 -.00155{ -.00706 | -.00067| ~.00207 .095 Q71
.30 .09] 2 |--do.~ «76 «.00173} -.00570] -. 00054 ~.00215 095 .078
20} =~==]-=~]-~-do.- 1.79 -.00125) -.00340 -.00032{ ~.00148 .098 .081
.20} .18| 1 |--do.- .72 -.00079| -.002101 -.00021| - .00093 .098 .081
.20f .15 2 |~~do.-~ .54 -.00080} -.00201| -.00020| -~ .00095 .098 .082
+30) ~~==]-~-10.005¢c 1.42 -.00166) -.00900] -.00086} ~.00232 095 .067
20| ===l ~==| ,005¢ 1.71 -.00110{ -.00379] -.00036| ~.00138 .096 077
.20 .15{ 1 .005¢ 1.40 -.00214| -.00432]-.00040] ~.00245 .092 .081
.20] .15§ 2 +005¢c 1.01 -.00244} ~.00400{ ~.00037] ~.00R75 .092 .082
.20 .15] 3 .005¢ .80 -.00266| -.00390| -.00036| ~.00294 .092 .083
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Flap deflection, &;,deg

(@) Nose gaps, sealed.

Flqp deflectiorn&;,deg
(&) Nose gaps, 0.005c.

Flgure 7 -Airfail section lif¢ coefiicient as a function of flap defl/ectjor for
variovs flap arrangements on an NACA 0008 airfo//.
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(b)) Nose gaps, 0.005¢.

Figure 8 .- Stick hinge-moment coefficient as a function of Jift coef-
ficient for various flap arrangements on arm NACAOODO9 airforl.
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Airfoil sectior profile
Airfoil section profile
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Figure 9.-Airfoil section profile-drag coefficient as a function of /ift coefficient for varjovs
flap arrangements on ar WACA 0009 airfoil. ac = O°
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